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Abstract 
In the present work, we have synthesized single crystalline In2O3 octahedra via a vapour phase transport at high 
temperatures over Si/SiO2 substrates. Gas sensing measurements (NO2) have been performed under temperature 
variations and UV irradiation. Optimum working conditions for each case have been found. A comparison between 
nanostructured In2O3 and commercial In2O3 powder has been performed in order to show the advantages of using a 
nanostructured based sensor. As a result, the detection of low concentrations of NO2 (50 ppb) has found to be 
possible with sensitivities for higher concentrations comparable to those shown in recent publications. 
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Introduction  
 
Semiconductor metal oxides have become a major technological drive in the field of gas sensors because of their 
low cost, high sensitivity, fast response and their relative simplicity. Among others, indium oxide (In2O3) is 
nowadays an interesting material for its unique optical and optoelectronic properties, which make it suitable, not 
only for gas sensors, but also for solar cells and liquid-crystal displays. Nanostructured metal oxides have been the 
subject of much interest in the last years, since better performances can be achieved. In this work, we developed a 
method to synthesize octahedral In2O3 by means of a vapour phase transport method. The structure of the material 
was characterized and its sensing properties were examined, exhibiting great sensitivity towards low concentration 
of oxidizing gases as NO2. Gas sensing results have been compared to those shown by sensors prepared from a 
commercial In2O3 powder. Since power consumption is a limiting factor for sensors that have to work stand alone, 
alternate methods of activating the oxide layer than heating the layer have been explored as well. Radiation by 
visible or UV light seems to be a possible approach in this direction. 
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Experimental 
In2O3 octahedra are synthesized by a vapor phase transport method in a chemical vapor deposition (CVD) furnace. 
The precursor used was a powder of metallic In (99.99%), and Ar gas was used as a carrier gas. Both, the precursor 
and the Si/SiO2 substrates were placed onto a quartz boat into the horizontal CVD. Then, the temperature was raised 
to 900ºC and kept constant during 2 hours. All the process was carried out under atmospheric pressure. The 
deposited material was removed by scratching the material from the substrate. Then a printable ink was prepared by 
mixing it with appropriate solvents and the materials was deposited by screen printing technique on top of a ceramic 
hotplate substrate with Pt electrodes on one side, and a heater on the other side. The composition, crystalline phase 
and morphology of the octahedra were studied by XRD (Bruker, AXS D8—advance, Cu KĮ radiation operated at 
40 kV and 40 mA) and ESEM.  
The gas sensing properties of this material at different operating temperatures were studied. Gas mixing and delivery 
was performed employing a computer controlled mass flow system. The sensors were placed in a homemade Teflon 
chamber, where the UV LEDs (325 nm) were was also placed. 
 
Results and discussion 
 
ESEM images of In2O3 octahedra synthesized over Si substrates are shown in Fig. 1. Well defined octahedra with 
sharp edges were observed. These octahedra are very regular and almost perfect in shape with the size ranging from 
300 to 500 nm. As we can see from Fig. 1 (left) every face of a single octahedron consist of an equilateral triangle. 
Furthermore, the surfaces are perfectly flat. XRD studies of the samples show the presence of cubic In2O3 and a 
preferential orientation in the (111) direction as shown in Fig. 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: In2O3 octahedra synthesized at 1000ºC 
over Si/SiO2.
Figure 2: XRD spectra obtained for commercial 
In2O3 commercial powder and In2O3 octahedra 
 
 
Both octahedral and commercial indium oxide based sensor were subject to gas sensing tests using NO2 by means of 
DC resistance measurements at different operating temperatures (80-250ºC). The sensors were exposed to 15 
minutes of gas, followed by 30 minutes of cleaning in dry air. All sensors experienced an increase in the resistance, 
confirming that In2O3 behaves as an n-type semiconductor, as expected. Typical sensor response to different NO2 
concentrations can be observed in Figure 3. Investigating the best operating temperature the maximum response 
(defined as Rg/Ro)is obtained at 130ºC, as can be seen in Figure 4. In the case of the sensor based on commercial 
powder, the maximum response is obtained when the sensor is operated at 150ºC. So, the nanostructured powder can 
be operated at lower temperature, reducing the energy consumption. 
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Figure 3: Typical response of In2O3 octahedra 
exposed to different concentrations of NO2 gas.
Figure 4: Octahedra Sensor response dependence on 
operating temperature. 
 
When both sensors (commercial powder and octahedral based sensors) are operated at room temperature in the dark, 
the response is quite bad. None of them recover the base line and the response is quite low, although is better for the 
octahedral based sensor, as can be seen in Figure 5. When sensors are exposed to UV radiation at room temperature 
(Figure 6), the response is improved compared to the response in the dark, being the octahedral based sensor the one 
with better behavior, but it is still worse than the obtained when the sensors are heated: the signal is weaker and 
response and recovery times are larger. In any case, with both methods the detection of NO2 at lower concentrations 
than those reported recently for this material [1, 2] has been achieved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Sensors response to NO2 at room 
temperature in the dark
Figure 6: Octahedral In2O3 base sensor response at 
room temperature under UV irradiation. 
 
Since the sensor responses when activated with UV irradiation were not so good as expected, instead of using 
continuous irradiation, UV irradiation was modulated switching the LEDs ON and OFF every 5 minutes, with a duty 
cycle of 50%. When doing so, a ripple appears in the signal, as can be seen in Figure 7. This ripple is higher when 
the sensor is exposed to NO2 than the one measured when the sensor is in pure air. So, the amplitude of the ripple 
can be used to determine the presence of the contaminant. Ripple amplitude values for each case are summarized in 
Table 1.Comparing the behavior of the sensor based on commercial powder and the sensor based on octahedral 
In2O3, the later shows higher differences between the ripple in pure air and the ripple when exposed to the 
contaminant gas. So, even if the sensors is activated with modulated UV radiation, the sensor based on octahedral 
indium oxide exhibits better performance than the sensor based on commercial indium oxide powder. 
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Figure 7: Sensors response to 500 ppm NO2 under 
ON/OFF cicles of UV radiation
 
Table 1 Amplitude of signal ripple in ohms  
 
 
 
 
 
 
 
 
Conclusions 
A route to implement a sensor based on nanostructured indium oxide in octahedral form has been established. 
Sensors based on nanostructured indium oxide in octahedral form show better performance than sensors based on 
commercial powder both if the sensors are activated thermally or by UV irradiation. 
Although the nanostructured sensor works better when thermally activated than when activated by continuous UV 
radiation (i.e. higher response achieved when operated at 130ºC), the pulsed UV radiation seems to be an alternative 
operating procedure that requires significantly lower energy consumption. Further investigation on this procedure is 
necessary to confirm these preliminary results. 
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